SASAI, Y. Lactic Dehydrogenase Activity in Human Epidermis: Semiquantita tive Histochemical Study. Tohoku J. exp. Med ., 1972, 108 (4), 327-336 -The graphical method of Lineweaver-Burk to the histoehemical system was applied to obtain quantitative information on the lactic dehydrogenase activity in human epidermis. In vitro experiment showed that the incubation time necessary for yielding a certain amount of formazan is related to the amount of enzyme present.
In the case of section experiment, the time required for the first appearance of formazan deposition in the tissue at various substrate concentra tions was plotted against the reciprocal of the substrate concentration. This technique made it possible to compare the lactic dehydrogenase activities at various sites of the tissue. lactic dehydrogenase; human epidermis; semiquantitative histochemistry
Accurate quantitation of histochemical reaction is a very difficult procedure. Nevertheless, the advantages of the histochemical method over the biochemical one are so great that the exploration of workable techniques is well worth-while. This is especially true in the case of the skin which is a heterogeneous tissue consisting of a keratin layer, epidermal cells interspersed with dendritic cells, sweat glands and their ducts, hair follicles, sebaceous glands, dermis and adipose tissue. Biochemical quantitation of a homogenate of such a tissue is far less meaningful than that of selectively homogeneous tissue such as liver. By means of the microdissection and quantitative microdetermination methods as elaborated by Lowry et al. (1954 a and b, 1957) (Hammer 1970 (Hammer ,1971 Hammer et al. 1968 ). However, their methods require specific apparatuses and skilled management. On the other hand, Benditt and Arase (1958) suggested that the Lineweaver-Burk's graphical method for the enzyme kinetics can be applied to histochemical diazonium coupling reaction and would make it possible to express semiquantitatively the histochemical reaction of enzyme activity. Their method was used successfully to determine histochemically the phosphorylase activity in human epidermis (Sasai 1965 (Sasai , 1967 (Table  5) . However, when There was no difference in formazan-appearing time between the squamous and basal cell layers in normal and psoriatic epidermis. In normal epidermis, the reaction appeared in 2 minutes of incubation at the substrate concentration of 5 mM, or in 5 minutes at 1.25mM (Table 7) . In psoriatic epidermis, the incubation time required for the appearance of reaction was shorter as compared with that in normal epidermis. The reaction appeared in 2 minutes of incubation at 1.25 mM, and in 5 minutes at 0.75mM (Table 8) . On the other hand, the incubation time required for the appearance of reaction in basal cell epithelioma cells was longer than that in normal epidermis (Table 9) . DISCUSSION A number of histocbemical methods for enzymes presuppose an ultimate formation of a colored product, and the traditional observation has been carried out only of the preparations made at a certain time of incubation with a certain concentration of substrate. However, the formation of the colored product is not always quantitatively related to the activity of an enzyme, but is affected by various other factors including substrate concentration in the incubating medium. Benditt and Arase (1958) , applying the Lineweaver-Burk's graphical method to a histochemical diazinium coupling reaction, indicated that the reaction velocity was estimated by the amount of an end product formed per unit time, and that if the amount of an end product was made a constant, the reciprocal of the reaction velocity was directly proportional to the incubation time. They gave prescribed values to varying color intensities of an end product, i.e., A, B and C, and plotted the time necessary for obtaining the intensity of color represented by C at various substrate concentrations. By the application of the elute technique to measure the amount of formazan deposited in tissue sections, Altmann (1969) indicated a linear production of formazan with respect to the dehydrogenase activity. On the contrary, Eadie et al. (1970) observed that the yield of definitive formazan from Nitro BT after chemical reduction and after enzymatic reduction in liver homoge nate, was not in linear production to the strength of reducing conditions. As shown in Figs. 4 and 5, however, there is a close connection between the amount of lactic dehydrogenase and that of enzymatically reduced formazan: i.e., the incubation time necessary for yielding a fixed amount of the formazan is related to the amount of enzyme. Accordingly, when the minimum amount of formazan, which is necessary for identifying microscopically a colored substance on the tissue section, is used as the end point, it is possible to compare dehydrogenase activity in various sites of the tissue.
Biochemically, coworkers (1966, 1968) found that the activity of lactic dehydrogenase is two-fold in psoriatic epidermis and one-half in basal cell epithelioma cells as compared with that in normal epidermis. In the present study, there was considerable difference in lactic dehydrogenase reaction between normal and psoriatic epidermis or basal cell epithelioma cells. The time of incubation necessary for reaching the reaction end point was significantly shorter in psoriatic epidermis, and longer in basal cell epithelioma cells than that in normal epidermis: e.g., when tissue sections were incubated in the substrate-containing medium at 1.25mM, the incubation time necessary for the first discerning formazan deposition was 5 minutes in normal epidermis, 2 minutes in psoriatic epidermis, and 15 minutes in basal cell epithelioma cells, respectively. This seems to be consistent with the biochemical data obtained by Halprin and coworkers. In the routine histochemical method, the determination of enzyme activity is based only on the color intensity of the reaction product under the microscope, and so there may arise some possibility of misreading the result. However, the method presented here appears to be quite accurate in comparing one site with others in the same tissue specimen, although there are some limits in its application.
The diffusion of enzymes from tissue sections into the incubation medium is a fundamental and important problem in the quantitative evaluation of histochemical enzyme reaction. Fahimi and Amarsingham (1966) overcame this difficulty by applying the ingredients of the histochemical reaction to tissue sections in a gelatin film. McMillan (1967) separated tissue sections from the incubation medium by a semipermeable membrane. In the former, however, tissue sections must be exposed to a high temperature for the application and removal of the medium. In the latter, the specific apparatus is needed for incubating tissue sections. Altmann and Chayen (1965) showed that the loss of nitrogenous material from tissue sections is markedly reduced by the presence of PVA in the incubation medium. Arnold et al. (1968) noted a considerable reduction in the diffusion of a soluble enzyme on the addition of PVA. With respect to the effect of PVA and polyvinyl pyrrolidon (PVP) on histochemical incubation, Dahl and Mellgren (1970) found that when tissue sections are incubated in the PVA-containing medium with PVP, the loss of lactic dehydrogenase by diffusion was minimal and negligible in practice. In the present study, however, PVP was not used, because commer cially available PVP contained peroxidase, and also because the present author's preliminary experiment showed that there was little difference in diffusion between PVA-containing medium with PVP and that without PVP .
